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Ultrathin-walled muKiwell plate Tor heat block thermocycUiag 


The invention relates to plastic plates for conventional heat block thennocyding of 
biolo^cal samples, particularly to multiwell plates. More specifically, it relates to ultrathin- 
walled muhiwell plates with an improved heat transfer to smaU-vohime samples. Such . 
plat es can be used for rapid temperature cycling of multiple, smaU-vohime samples O.e. l- 
10 jiT) by using heat block themiocyclers with an increased block temperature ramping 
j (i^r 4* C/second and greater) and standard heated-lid technology for sealing the plates. 
I oj TempOTture cycling of biological samples is a central moment in DNA 

j an^>lification by the polymerase chain reaction (PCR) (Saiki et al , Science, 239. 487-491 
I [198*]). \fuch effort is being expended in developing various alternative reactors and 
j technolo^es for rapid temperature cycling of small-volume samples (KLopp et al.,,S<aOTce 
I 280, 1046-1048 [1998]; Belgrader et al., J.Porensic Science 43, 3 1 5-3 19 [1998]; 
Sv^»dlow et al. Analytical Chent, 69, 848-855 [1997]; Wittwer ct aL, Analytical 
Biochcm., 186, 328-331 [1990], Wittwer and Galling, BioTechniquea, 10, 76-83^ 11991]; 
WooUcy et al.. Analytical Chem.. 68, 4081-4086 [(1996]). However^ these rapid DNA 
amplification technologies are connected with various disadvantages. For exan^le, in 
these techniques the samples are handled and sealed one-by-one, sometime in a relatively 
cumbersome manner due to the special features of the microreactors. The ddxveiing and 
repovering of the small samples is more complicated compared with convrntionaj plastic 
tubes or microplates- In addition, the price of such reactors, as disposable PCR containers, 
is very high when compared to the conventional plastic tubes. The exp^tment^l 
throug^iput using the above systems is limited. Therefore, it is surprising that only Irtde 
25 research has been conducted to improve the basic performance in sample size and speed 
of tiic widely used, conventional teat block thennocyding of samples contained in plastic 
tiibes or multiwdl plates. One knoMvn improvement of heat Mock tentperature cycling of 
sanq>les contained in plastic mbes has been described by Half et al. (Biotechniques, 10, 
106*112, [1991] and U.S. Patent No 5,475,610). They describe a special PCRreaction- 
30 coaq>atible one-piece plastic microcentrifijge type tube, i.e. thm-walled PCR tube. The 
tube has a cylindrically shaped upper wall section and a relatively thm (i.e ^^praximately 
0.3 mm) conically-shaped lower wall section. The sanoples as sn»ll as 20 nl are^piaced in 
the tubes, the tubes are closed by defbrmable^ gas-tight caps and positioned into sinqlariy 
sbBsped conical wells machined in the body of the heat block. The heated cover compresses 
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each cap and forces each tube down firmly into its ovm well. The heated platen (i.e. heated 
lid) serves several goals by supplying the appropriate pressure to the caps of the tubes: it 
maintains the conicall>' shaped walls in close thermal contact with the body of the blodc; it 
prevents the opening of the caps by increased air pressure arising in the tubes at elevated 
teipperatures. In addition, it maintains the parts of the tubes that project above the top 
sur&ce of the block at 95* -1 OO*' C in order to prevent water condensation and sample loss 
in the course of thermocycling, This made it possible to exclude the pladng of mineral oil 
or glycerol into the wdls of the block in order to improve the heat transfer to the tubes 
and the overiaytng of the samples by mineral oil that prevented evaporation but also served 
as added thermal mass. In addition, the PGR tubes can be put in a two-piece holder (US 
patent 5,710,381) of an 8x12, 96-well microplate format, which can be used to support 
the high sample throughput needs with any number between 1 and 96 individual reaction 
tubes. However, the thickness of the tube and the tninimal sample vohmic are yet too Mgh 
to enable rapid heat transfer. Therefore^ the temperature equilibrium betwewi the large 
sample and the block is reached relatively slow. Usually, the sample temperature lags 
behind the temperature of the heat block of the thermal cycler for 20*40 seconds and the 
total DNA amplification time of 1 ,5 hours or more is typical (see Wittwer and GarUng» 
BioTechniques, 10, 76-83. [1991]). As the tubes are designed to hold relatively large 
sample volumes (50-100 ^il) rather than small ones (0,5-10 jil), the use of small san^le 
volumes in said tubes results in an increased vapor sorption due to the increased free 
irtcmal surface of the tube.The multiwell tWin-waBed PCR plates have been commcrciaUy 
introduced as cost effective alternatives to the above mentioned trays of indivklual tubes. 
Such modem plates comprise arrays of conically-shaped wells (0.3nm) molded as a aixi^e 
plastic imit. They are manufactured in various formats to meet the needs of particular 
biomedical tasks (i.e 24-wefl to 48-well plates for routine applications and 96-well to 
3g4*wdl plates for large scale applications, respectivdy, see also below). Prindpally> the 
same heated-lid technology is used for sitting the arrayed conically shaped weHs into the 
skmlarly tapered and arrayed wells madnned in the body of the heating block. The only 
difierence compared to the tube am^ concerns the seahng of the sample contains. The 
one-piece plates containing the samples are transferred to the sample block of the thermal 
cycler, upon sealing all the wells of the plates by a Mngle ^con mat or a apedal sealing 
film (c.g. US Patent No 5,721,136). The tniyor advantage of multtweU-PCR plates aa one- 
piece plastic units is that they do not give ?aay problems in handling of the small reactors 


arrayed in one unit in the course of injection molding of the plate when compared to 
individuaJ PCR tubes or tubes arrayed in various holders (e.g. see Peridn Elmer Ustts 
j Manuals. Part No. 0993-8660. 1992). This advantage has been realized in the high sample 
I density 384-well PCR plates. Th«ir weU-voluine is 40 with an inter-wefl distance of 4.5 
5| nmi. However, the aim of the 384-well plates concerns rather the increase of their sample- 
I Miinber capacity than the advantage of the small well-volume which could be taken to 
I improve the sample size and the cycle speed, As the thickness, geometry and material 
I (p<^ypropylenfi) of the multiweU-PCR plates is the same as used for the above described 
! tubes, both, the eflBciency of the heat transfer and the minimal sample size are directly 

1 Oj comparable. Although the modem heat block thermocyclers are capable to change the 

I blodc temperature at a rate which is theoreticany suffidem to perform an exponential 
I amplificatiod in less than 20 minutes (i e. Prinius-96; ramping rate 5° ^second; suppUer. 
I MWG-Biotcch, Munich, Germany), the heat transfer from the block to the relatively large 
I sample vohmies contained in the modem plastic PCR tubes or muhiwett PCR ptates is 
1 5 inefficient to reach these amplification times. Iberefore. such PCR plates cannot be used 
for paraflel rapid thermocycling of muhiple samples. High troughput PCR can be achieved 
I by either increasing the number of samples per luc, e. g. 384-well plates and/or by 
I redttdng the amplification time. The latter has the advantage of a reduced tuniarouad. a 
I very important aspect in, for example, rapid and cost effective PCR screemng of pooled 

2 0 1 san^Ies when serial rounds of PCR reactions and product analysis have to be performed. 
The present invention concerns plastic multiwell plates for perfonning conventional 

heal block thermocycling of multiple samples More specifically, it concerns ultrathiD- 
I walled nniltiweU plates for heat block temperature cycling of samples with a wall thickness 
i of not more than 50 microos. Uhrathin-walled muWwell plates are suited for r^d, ofl- 
25 I fteei heat block temperature cycling of smallrvohime samples (i.e. approximately 0.5-10 
I jil) whereas the lower limit is given by the reliability of the conventional pipetting systems. 
Figure 1 illustrates the rauMwell plate according to the invention, figure 2 the positicning 
of the plate in the block of the thenmal cycler, aod Figure 3 illustrates the photograph of 
electrophoretically separated 454-bp ibgments of human papillomavirus DNA amplified 
30 by means of rapid PCR. 

One aspect of the present inventioa concerns the considerably decreased thickn^s 
fi .e. 10-20 fold) of the well walls when compared to conventional, thin-waDed PCR plates. 
This can be reached, for example, rather by means of thermoforming thin thermoph»tic 
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I i films than by injectioD molding. An additional great advantage is that themiofomung due 
I [ to the small tooling costs is much less expensive than high*precision injection mblAiig 
' ' wfaidi is needed to produce extremely thin parts. Such thermoplastic films are» for 

• example, polyolefin films, such as metallocene-catalyzed potyolefin films, cppolymer films 
5: and cast polypropylene films, such films having a thickness of not more tl^ SO naicrons. 
; Preferentially, the multiweli plate is vacumnformed out of a 30-50 micron cast, unoriented 
: polypropylene film. Usually, the film is formed into a »4^male" mold comprising a 
\ plurality of spaced-apart, conicalty shaped wells which are machined in the body of a 
: rectangular- or square-array shaped mold. The advantage of vacuumfomiing into: a 

1 pi „female" mold is that the thickness of the walls of the formed wells is gradually reduced to 
! ' 1 5-20 iim at the bottoms of the wells. The plastic mateiial polypropylene is compatible 

': with the standard PCR procedures and therrfore widely used for injection molding of PGR 
I tubes and/or multiweli plates. In addition, it has a reduced water vapor sorption when 
; compared to other plastics (e.g. polycarbonate). The volume of the wells is ncrt njK>re than 
1^5; 40 lol, preferably 16 ^1, the height of the wells is not more than 3.5 mm, and the inter-weU 
■ i spacing is not more than 4. 5 mm. Usually the number of wells is in the range of 24-96. As 
\ shown in Figure 1 . the handling of the plate (1) containing the multiple wells (2) is 
: facilitated, by a rigid 0.5-1 mm thick plastic fi^ame (3) which is heat bonded to the plate. 
\ As shown in Figure 2, the fi^me (3) is not in direct thermal contact with the blodc (4) 

2 0 during thermocycling because the inner contour (5) of the fi^me (3) matches the outer 

\ contour (6) of the heat block (4) of the thermocyder (4, 7 and 8; 4 = block, 7 = 
I themioelectric heat pump and 8 = heat sink). The thickness of the well walls of the fihn- 
: j formed plate is reduced 1 0-20 fold when compared to the conventionally injection-molded 
i j PCR plates. By means of the well known Fourier equation for the heat transfix in solid 
i $ substances, it can be shown that the heat transfer through the walls of the film-formed 
I plates is 10-20 fold faster when compared to conventional PCR plates. 

Another aspect of the invention is that, in order to ensure the effident and 
reproducible sealing of small samples (9) by using the conventional heated-lid (lQ-12; 10 = 
heated lid, 1 1 « heating element, 12 « screw) technology, the conically shaped wefls (2) 

3 ^ are of identical h^ght with similarly shaped wells machined in the body of the hc^ blodc 
of the thermocyder. Thus, as shown in Figure 2, the geometry of the wells enables the 
portioning of the entire multiweli plate (1) imo the heat block (4), i.e. the parts of the 
multiweli plate project above the top sur&ce of the block. In this case the pressure caused 
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by the heated M to the conventionally fibn- or silicon mat-sealed (13; seal) muteweD plate 
is actually directed to those parts of the muhiweU plate which are supported by the top 
surfece of the heat block (4) and not to the thin walls of the plate as it is the case for the 
PCR tubes or conventional PGR plates. This advantage makes it possibe to increase the 
sealiflg pressure of the heated lid several fold when oompwed to the conventionally used 
pressure of 30-50 g per weU without craddng the conicaUy shaped walls. The tight 
thermal contact between the extremely thin walls of the weUs and the body of the block 
(4) is achieved automatically by increased air pressure airising in the sealed wdls at 
elevated tranperatures. Surprisingly, by the above means of sealing the plates, samples of a 
volume of as few as 0.5 nl can be easily amplified without reducing the PCR efficiency. 
The foUowing example serves to ilhistrate the invention but should not be construed as a 
limit^on thereof 


.15 Example : 

i 

j The reaction mixture prepared according to Ting and Manos (PCR protocols, chapter 42 
(1990) Eds.: Innes. Gelfend, Sninsky and White, ISBN 0-12-372180-6) and containing 10* 
input DNA copies of human papilloma virus (HPV-1 8), integrated into the gedome of 

20 human HeLa cells, was pipetted (3-m1 volume) into the wells of a 36-weU uhrathin-waDed 
plate vacuumibnned out of a 47-micron thick cast polypropylene fihn. The seniles were 
^ sealed by means of a commercial sealing film, and temperature cycled using a conventional 
Pehier-driven heat-block thennal cycler (ramping rate 4.5* C/second). Incubation times 
I were as follows: Denaturing: 3 seconds at 95"C, annealing time 3 seconds at 55°C, 

25 j extension time 16 seconds at 72''C, number of cycles: 30; total amplification time 20 
minutes. 

A photograph in Figure 3 demonstrates some results of the amplification of 454-bp long 
Iwiral DNA Augments (Line 1-5; viral DNA and line 6: molecular weight marker [Lambda^ 
[phage DNA, pstl-restriction digest]). As it can be seen fi^om figure 3, the product yield 
3 0 jiid specificity of the exponential DNA amplification reaction was very high, although the 
Itotal amphfication time was 20 minutes only and the reaction was performed in the excess 
jqf human genomic DNA. 
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1. Ultrathin-walled multiwell plate for heat block thennocyding of samples comprisiiig an array 
ol 'small-vohiine wells of identical hdgbt vnth the ^milarly shaped sample wells fonned in the 
tojp surface of the heat block of the thermocycler. 

2. Ultrathin-walled muItiweU plate according to claim 1, wherein the said multiwell plate is 
preferffltially vacuumformed out of thermoplastic film. 

3. j Ultrathin-walled multiwell plate according to claim 2, wherein the said thermoplastic film is 
a ihermoplastic film of a thickness of not more than 50 microns. 

4. Ultrathin-walled multiwell plate according to claim 1, wherein the said microwell plate 
ccmprises a rigid outer frame. 

5. Ultrathin-walled multiwell plate according to claim 2, wherein the said thermoplastic film is 
a l>olyolefin film. 

6. 1 Ultrathin-walled multiwell plate according to claim 5, wherein the said polyolefin fihn is a 
m stallocene-catalyzed polyolefin film. 

7. Ultrathin-walled muhiweil plate according to claim 2, wherein the said thermoplastic film is 
a<X)poIyma^film 

8. Ultrathin-walled multiwell plate according to claim 2, wherein the thin thermoplastic film is 
a cast pofypropylene film. 

9. Ultrathin-walled multiwell plate according to claim 1, wherein the volume of the well is not 
m9rethan40 ^. 

1(L Ultrathin-walted nniltiwell plate according to claim 1, wh^ein the volume of the wdl is not 
more than 20 ^1. 

1 1 . Ultrathin-walled multiwell plate according to claim 1, wherein the volume of the well is not 
mbre than 10 (il 

11. Uhrathin- walled multiwell plate according to claim 1, wherein the volume of the well is not 
more than 5^1. 

11. Uhrathin-walled multiwell plate according to claim 1, wherein the volume of the wdl is not 
msre than 2.5 (il. 

1^1. Uhrathin-walled multiwell plate according to claim 1, wherein the volume of the well is not 
more than 1.5 pi. 
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lilMAin-walfed muUiwen plate for beat block tbennocycliDs 


^har«ct of tha liiaclQaure 


iWhin-waBed muhiweD reactors for beat block thennocychiig ^'""Pjf'^P?^ ~ ^ 
Jrray of simB-voW weQs of identical height wilh amilarty shaped san^ weU» fonned in the 
ti»D airftce of the heat block of the themocyder are provided. The anitawdl pJates axe 
^^JS^^^u^m^orm^ out of a 30-50 nncron thick thermoplastic film and can be used 
^ rapid, oil-fttse temperature cycling of small (1-10 Ml) volume sainples. 


muMwell plate project above the top Eur&ce of the block, la this case the pressure caused 


